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CONDUCTIVITY MEASUREMENTS IN SILICIC ACID GEL;:> DURING SETTING 
Dul'ing the course of extensive investigations of the 
properties and behavior of silicic aeid gels, the study of the 
oonduotivi ty of tJil.es·a substances was begun in the hope that 
data could be assembled to throw soma light on the mechanism 
of ge.lation. The. experiments to be described are a. continuation 
of the work on oonductivi ty carried out at Union College under 
the direction o.f Dr. c • .a. Hurd. 
H. dwanker (1), in 1932., making use of a Wheatstone bridge. 
at 1000 cycles, failed to find any change in conductivity, but 
!1. W .• Gurry ( 2.), using refined methods, was able to detect 
small changes as the gels set. Subsequently the technique 
of measurement was further improved by~. ~lobod (3) in 19351 
and B. E. Bussell (4) in 19~6. Slobod's cuxves sho• d a 
definite increase in conductivity, but his own experiments and 
those of Russell made those results appear doubtful • .tmssell, 
continuing the work of Slobod on the equilibrium phenomena 
arising, studied the treatment of the eleotrodes. 
Apparatus 
The changes in oonduotivi ty .,wera measured by the modified 
Carey-l!,oster bridge designs d by Gurry ( 2) and fully described 
by him in his thesis. ~hree different conductivity cells were 
used, one a viashburn cell, and the o thez s tubular cells simi- 
lar to the one used by previous experimenters, but of different 
sizes. ~he purest conductivity water available was used ex- 
clusively. The gels were prepared with acetic acid and sodium 
silicate, the soda-silica ratio in the latter being 1:3.19. 
Gels of the following composition were used: 
1i1ype Composition 
.::iilicate Acetate Water 
I 100 75 100 
II 100 100 100 
III 100 100 110 
IV 50 50 65 
Freliminary work substantiated the conclusions of Slobod 
and Russell. ;;)inoe the chief· problems concerned alecttode 
phenomena, these phenomena were first considered. Indeed, the 
object of the entire work to correct w.hatever faults remained 
in the reading technique and to integrate the previous work 
so that trustworthy and reproducible data could be obtained. 
Experiments were made with the various conductivity cells 
mentioned above, viii th vaz Io ua dilutions of gel mixtures, with 
various types of platinized coatiqgs on the electrodes. In 
all these experiments, la.ck of xeproauoibility was a constant 
source of trouble. :M:easlllements with the old tubular cell 
gave results which agreed cloaely to that of Slobod, but which 
were considered as ot little value. 
Introduction of Washburn Cell. 
At this point, the galvanometer was overhauled, ~he old 
cell was replaced by a Washburn cell, and .1:ro.ssell's suggestions 
regarding the improvement of the technique was checked. The 
Washburn cell proved to be satisfactory, but the mec~ical 
difficulty in removing the set gel was great enough to pxohibit 
its use. A run wi.th this oell is shown gxaphioally in Fig.l 
(Curve l.) Tha striking thing 'abcun this curve is the manner 
in which it seeks-the horiaontal once the equilibrium has been 
established. Unfo'.r"tunately this run could not be duplicatedt 
since it was deemed best to replace the Washburn oell by a. 
' 
call easier to handla. 
,. 
4. 
Tabla I 
Bun I 
Washburn Cell. Initial resistance - 103 ohms 
Drum Readings Change from 
Time Right Left Difference original 
0 
20 519.9 (491.6) 28.3 18.2 
23 517.l 488.8 29.3 19.2- 
2-6 525.8 482.7 43.l 33.0 
32 528.9 476.3 52-. 6 42.5 
35 528.0 478,5 49.5 39.4 
40 528.5 478.0 50.5 40.4 
45 529.l 477.4 51.7 41.6 
50 527.9 478.~ 49.6 39.5 
55 527.5 476.0 51.5 41,4 
60 52B. 6 477.3 51.3 41.2 
65 528.8 . 477.2 51.6 41.5 
70 528.6 477.3 51.3 41.2 
75 528.5 477.4 51.1 41.0 
5. 
Table I 
Second ~.eubular ce.11 
Run II Run III 
Difference in Difference in 
Time Drum Beadings Time Drum Beadings 
0 0 
2 44,0 8 30. l 
4 55.9 10 50.5 
6 61.8 12 57.9 
8 63,9 14 61.8 
10 64.l 16 66.0 
12. 64.1 18 68.4 
14 64.1 20 71.0 
16 64.0 2Z 73.2. 
18 64,0 24 74.9 
20 64.1 ~6 76. 3 
25 64.l 28 76.7 
30 64.15 :00 78.3 
35' 64.2. 32. 79.5 40 64.2 34 79.9 45 64.3 36 79.9 
50 64.3 38 so.o 
55 64.~ 40 79.9 
42 79.9 
45 79.8 
50 79.9 
55 so.a 
60 ao.o 
FN-521-B 40m 2.17.37 
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6. 
Introduction of Second Tubulax Cell. 
A tubular cell of the same type as the one first used 
was constructed at the General ~lectric Company for further 
experime.nts. With this aell a procedure identical to the one 
used for the Washburn cell was followed. The :results all 
pointed to the same conclusions; the graphs in Fig,l speak 
for themselves. After the first few minutes, the curves all 
~end to be horizontal, The first_ section of the general curve, 
although important in its own right, need not detain us here, 
:i.:he fact remains that the change in resistance, according to 
these graphs, is zero. In other words it would seem that there 
is no change in the conductivity of a sodium. silioate--acetio 
acid mixtu~e as it sets. This in itself is an unexpected result, 
since ~hanges in conductivity were observed and measured b~ 
Gurry, Slobad, and Russell, using the ea.ma apparatus. But tba 
present evidence points to the contrary. It is true that in 
1932, Laing and McBain (6) oa.m.e to the conclusion that the sol 
and gel of one and the same substance a.re identical in elao- 
t~ical conductivity, lowaring of vapor pressure. refractive 
index, and other minor properties. More recently, in 193.4, 
Frakash (6) reported that once the equilibrium is established, 
the conductivity becomes constant and no change is noted during 
and after gel formation. These conclusions, although not 
obtained with silicio acid gels, nevertheless bear an inter- 
esting relation to the present problem. 
7. 
Table II 
Heat added at end of 50 minutes, 100 minutes. 
Run r. Gal Run II. NaCl solution (O.l N) 
Dif:ferenoe in Difference in 
Time Drum Headings Tima Drum Readings 
'0 0 
4 5.7 2 50. 7 
6 12.9 4 87.4 
8 17.7 6 109.9 
10 ao.s 8 122..l 
12 22.0 10 134.4 
14 23.9 12. 
16 2.4.0 14 14?.4 
18 24.1 16 151.8 
20 24.a · 18 154.1 
25 24.2 2.0 157.0 
30 24.2. 22, 158.3 
40 2,4,3 2,4 160.l 
50 24.~ 30 162.l 
55 72. 2. 35 162.1 
56 75.5 40 162. 2. 
58 84.1 45 162..3 
60 89.8 50 162,3 
62, 93.4 52. 210.0 
66 99.6 54 2.31.9 
70 102,. 2 60 259.7 
74 103,8 
78 103.9 
80 104.0 
82 104.0 
85 104.0 
90 104.1 
95 104.1 
100 104.l 
102 132.2 
106 156.4 
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8. 
Compa:riscn. of Gel With Salt Solution. 
Rigorous methods were employed in order to be absolutely 
certain of the data obtained with the new cell. Buns were 
made comparing a standard gel to an ordinary salt solution, 
the latter being treated exactly as though it were a gel-mix- 
ture. The tw,o were subjected to the same types of conditions, 
namely: 
111 Complete regulation of bath. 
2. No regulation; bath temperature increasing. 
a. Heat added to bath at regular intervals. of time. 
The two curves (Fig.2) are identical in nature. As was to be 
expected, the, greater mobility of the ions in the salt solution 
brings about a correspondingly larger change in conductivity 
when heat is added to the bath. Likewise, when heat was added 
regularly to the bath (by keeping the heater on while the 
regulator was disconnected) straight lines are obtained in both 
oases. If, in the salt solution, which cannot be expected to 
exhibit a change in conduoti vi ty \li th respect to time, there 
is a change, it must be- due entirel~ to the rise in temperatu.re; 
if, furthermore, the graph fox the gel is. analogous in every 
r e speo t to that of the aalt, it. follows that the passage of 
ions in the salt solution is intrinsioall~ the same as that 
in the gel, and since there can be no change in conductivit~ 
for the salt at constant temperature, the S&De must be t:rue 
of the gel. This view is tenable, of cour se , only because of 
the other evidanee already discussed. 
9. 
Table III 
liun I. Type I Gel Run II. Type II Gel 
Difference in Difference in Time J.lrum Readings Time Drum .tieaqings 
0 0. 6 6.5 5 7.5 
8 12.4 6 14.2. 10 17.0 8 24.1 12 19.7 10 2-8. 7 14 21.3 12. 32..2 16 22.4 14 34.5 18 23.l 16 36.0 20 23.5 18 37.0 22 ~3.8 20 37.2 2.4 .24.0 22 37.3 26 24.0 24 .37.4 . 28 2.4.0 2.6 37.5 30 24.l 28 37.6 32 24.l 30 37.6 
34 2-4. 2. 35 37.6 36 24. 2. 40 37. 6 38 24,2 45 37.7 40 24.3 . 50 ~7.6 45 24.3 55 37.7 
50 2.4.3 60 . 'lJ7. 7 55 24.~ 65 37.7 60 24.3 70 37.7 
75 37.8 
80 37.8 
85 37,8 
90 37.8 95 37.8 100 37,9 105 37,9 110 37.9 115 3'7.9 
120 37,9 
125 37.9 
130 37.9 
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Tabla IV 
Type. I Gals. Time of set - 50 min. 
Run I 
Drum Readings Change from 
Time Right Left Difference original 
0 
3. 486.0 527.7 41.7 
8 467.4 543,3 75.9 
16 458.5 551.5 93.0 0.5 
20 457.3 552.7 95.4 2 •. 9 
25 454.4 555.l 100. 7 8. 2. 
30 452.6 557.l 104.5 12.5 
35 451,3 558.2 106.9 14.9 
40 450 .5 559.0 108.5 16.5 
45 449.5 560.0 110.5 18.5 
50 448.2 561.3 113.l 21.l 
. RUN II Drum Beadings Change from 
Time Right Left Difference original 
0 
10 486.8 522.5 35.7 5.7 
12 48[).6 523.4 37.8 7.8 
15 484.8 524.2 39.4 9,4 
20 482.8 525.5 42.7 12.7 
25 481.5 527.l 45,6 15. 6 
30 480.l 528.3 48.2 18.2 
35 478.4 529,9 51.5 21.5 
40 476.9 531.4 54.5 24.5 
4.5 475.5 533.3 57.8 27.8 
50 474.5 534.5 60.0 30.0 
55 4.'72. 5 536.5 64.0 36.8 
60 471,2 538,0 66.8 38.0 
65 469.8 538,9 69.l 39 .1 
68 469.5 544.0 70.5 40.5 
71 468.3 541. 2 72 .• 9 . 42.9 
10. 
Run III 
Drum .neadings Change from Time Right Left Difference original 
0 
2. 504.7 508.7 3.0 
5 496.5 513.6 19.1 10 490.9 513.6 30.5 3.5 18 487.3 526.3 aa.o 11.0 
35 482.5 530.8 48.3 21.3 
40 480,3. 5~3.4 53.1 26..l 44 477.8 535.9 56.~ 29.3 50 476.1 537.9 61.8 34,8 
54 475.0 5~9.0 64.0 37.0 
60 47~.l 541.3 68 .2. 41.2 
Hun v 
Drum .t:(ea.d ings Change from Time Hight Left Difference original 
0 
2 
4 505.2 510.9 5.7 
6 501.4 514.3 12.9 1.4 
8 498.9 516.6 17.7 6.~ 10 497.5 518.l 20.6, 9.1 12. 496.2 519.5 2~.3 11.8 14 495.0 520.5 25.5 14.0 16 494.0 521.6 B7.6 16.1 18 49~.o 622..6 29.6 18.l 
GO 492.0 523.6 31.6 20.1 22 491.4 524.5 ~3.1 1::1. 6 
i::.4 490.5 525.5 35.0 B~.5 
11. 
11::!.. 
Run IV 
Drum Readings Change. fr om 
T'ima Right Left Di:f'fe:renca original 
0 
5 50Z.2 508.8 5.6 
6 500.9 596.9 10.5 
8 496.9 515.l 18.2 
10 494.1 517.3 23.2 2.7 
12. 492.4 519.1 26.7 6. 2 
14 491.l 52.0. 6 29.5 9.0 
16 490.0 521.9 31.9 11.4 
18 488.2- 52.3.3 35.l 14.6 
20 488.0 524.2. 36.2 15.7 
22 487.l 525.l 38.0 17.5 
24 485,5 525t9 40.4 19.9 
26 485.'l 526,6 40.9 20.4 
28 484.8 527.6 42..7 2.2.2 
30 484.2. 52?,8 45.6 23.l 
32· 48!1.0 529.0 46.0 25.5 
34 482.4 5&>.0 4'7•6 27.l 
36 481.7 530.7 49,0 28.5 
38 481.0 531.6 50.6 30.l 
40 480,3 532.2 51.9 31.4 
42 479•5 533e.l 53,6 33.l 
44 478.6 534.1 55.5 35.0 
46 477.9 534.8 56.9 36.4 
48 477.4 535,6 58.l 37.6 
50 476.2 536. 7 60.4 39.9 
52 475.6 537.5 61.-9 41•4 
54 475.0 558.l 63.l 42.6 
56 473.7 538.9 65.2 44.7 
58 4'73,6 539.7 66.l 45.6 
60 47~.2 540.5 67,3 46.8 
62. 472.2 54.l,4 69.2 48.'1 
64 471.l 542..8 71.7 51.2. 
66 469.7 543.8 '74.1 53,6 
68 469.5 644.ia 74.7 54.Z 
70 469,0 645,3 76.3 55.8 
72 468.4 546.2 77.8 57.5 
76 467,3 547.8 80.5 60.0 
78 46-6.'l 548.8 82.l 61.6 
80 466.0 649.7 83.'7 63.-2. 
82 465.2 560.6 85.4: 64.9 
84 464.7 551.6 86.9 66.4 
88 463,1 653.l 90.0 69.6 
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Fig IV 
11easurements With Gels of Different uompositions, 
In order to expand these results, measurements ne r e taken 
with gels of different compositions. The graphs obtained bore 
out p:radictions; although the oonduotivity was constant, the 
equivalent Q:Gnductivity appaazs to be directly proportional to 
the time of set of the gel. Ivlore ions axe available for 
transport in a long-setting gel than in a short-setting one, 
The curves are show.n in Fig.~; they represent the phenomena 
only qualitatively, noaevez , for at this point t.roublesome 
electrode effects again aame to the fore and demanded attention, 
Experiments with Elect.rodes. 
The curves in l!'ig,3 represent values taken with freshly 
platinized electrodes. However, when the coating was not 
fresh, the ordinates on tb.e curves for any given gel differed 
extensively. This lack of reproduoibili ty Ja d to some experi- 
ments which had very intexesting conclusions. 
In these experiments, gels of type I were studied, Fresh 
ele.otrodes were pre pa.red, and special care was taken in mixing 
gels of tha same initial resistance, It was found that the~e 
was a very definite change in the equivalent conductivit.y of the 
gals as the electrodes, without replatinization, were repeatedly 
used, This is ehoun by the graphs in l!'ig.4. It is obvious that t 
as the age of the coating inc~eases in the readings from l to 
5 the.re is a regular change in the value of the slope, In 
addition, a fresh coating used in a gel similar in every re- 
speot to the ot har s , w.ould· give a d i:fferent initial value in 
14. 
every case. although as the coating aged, the values would 
shift correspondingly. It can be seen that these values ohange 
with marked regulal'ity, except in the case of the freshly 
prapa:rea coating. The discrepancy between the last two values 
is due to the fact that between the corresponding runs, that 
is runs 4 and 5, readings were taken in a type II gel. Ve:r:J,.- 
~ fication of the above data was easily obtainable, not only with 
type I gels, but al.so with those of type II. 
The results of the experiments explained part of the 
diffioulty previously encountered in ma.king conduotivity meas- 
urements, sinoe it has been the pra.ctioe to employ a set of 
platinized electrodes to make a dozen or so consecutive read- 
inga before repla,tinization. This seems to produoe erroneous 
results. It ia perfectly possible, of course, thats method 
of treating the electrodes may be discovered so that it will 
not be neoess.a:ry to :replatinize them for e'fel'y run. Up to the. 
present time, such a method is not knOW!n; the practice has been 
to clean the electrodes carefully on withdrawing them from the 
gel and leaving t.lhem in distilled water until ready for further 
use. Cleaning with chromic acid has been discouraged because 
of various undesirable e:ffeots int1t0duoed, including a potential 
drop in the electrodes. (See Morgan and Lammert (7) and Willa%d 
and Fenwick ( 8) ) • Thia "aging" o.:f the electrodes must be: of 
oourae attributed to the a.otion of the gel upon the platinized 
coating. The actual mechanism is unknown and may involve more 
than simple adsorption. In any oase it seem~ that platinized 
Platinum electrode a, al though the.1 aze ac,cord ing to Russell the 
bes~ electrodes at present available for the wo~k, ~amain far 
15. 
from satisfactory, as heretofore used. This "agingn of the 
~ 
elaatrodes must be borne in mindi in interpreting all previous 
measurements ml.de by this roo thod. 
Concluding .ti.;;Perime nts, 
The next phase of the work dealt with attempts to find 
th.a cause for the phenomena mentioned above, so that au tho ri- 
tative results could be obtained. l!1resh coatings were used for 
every determina.tion, and eaz e was takan to make each new coat- 
ing identioa.1 to the others. All the platiniz:ed coatings usad 
in this aeries of experiments.: were depoSited by a current 
passing· through a resistance of 75 ohms for a period of two 
minutes, with reversals in our:rent every 15 seconds. -ihile the 
results obtained by this method were not exactly reproducible, 
there is eve•1 indiaation that the average values of the total 
conduotivi ty fox- allY, given type of gel, as far as could be 
determined, tended to be constant. The graphs are of the same 
nature as those in Fig.a. 
16. 
CONCLUSIONS 
The conclusions to be deduced from the foregoing series 
of experiments may be sunma.rized as follow-s: 
1. In t.ba must careful determinations of the· oonduct- 
ivi ty of silicic acid gels, evidence was found to show that 
there is no change in conduotivity as the gel sa.ts. 
~. when a gel was compared directly with an ordinary 
salt so+ution, the oonduativity phenomena were found to be 
precisely the same in kind. 
3. A.a was to be expected, the equivalent conductivity 
in gels is directly proportional to the silica content. 
4. The equivalent oonduotivity in a gel is a function 
of the "age '1 of the platinized o eating on the electrodes. 
' ~ 
The most outstanding result of the present experinents 
is that there does not seem to he any change in conductivity 
as the g'el ee t.s , There have. been numerous investigations on 
the subject ever since the da3s of Graham. Neither .A.rrhenius 
( 9) nor Kohlrausoh ( 10), two of the able.st investigators in the 
field, were able to find any change in conductivity as the 
colloid passed from sol to gel. The work of Frakash (6) and 
of Laing and MCBain (5) has already been cited. Certainly it 
woula seem that if there were a change in conductivity, it 
WOuld ba easily detected with the refined apparatus now in use, 
.0 The thermostat was designed to regulate to 0.006, and this 
guarantees an accuracy o:f about 0.00125 ohms. If thel'e is 
aot:ua11y a. eonductivi ty change, it must be of lesser order than 
th.is. In any event there is not the slightest indication on 
17. 
any curve. obtained either by the writer or by previous investi- 
gato?'s of the instantaneous: time of set of a gel. We may say 
with Ruaaell that the mechanism of set does not take plaoe 
instantly in a limited range, but is in &ffeo~ throughout the 
whole p?'ooess of gela.tion, before and aftar the instantaneous 
time of set. 
Exactly what is happening in the gel mixture is difficult 
to visualize. It is common knowle.tlge tha.t ions must. be present 
in o:rde:t' to have gel-formation. From his work on the a.ddi tion 
of eleot:rolytes to gels, Hallstrom ( 11) concluded that ngel 
formation is reall~ a case of the coagulation of the colloidal 
silioia acid by aleotrolytes.rt, It is assumed that the solid 
. 
gel structure is purely silieta., together with extraneous 
absorbed ions, If the conductivity is to be constant, the 
Passage of ions must al.so be constant. The gel structure must 
be open enough so that the ions are not impeded in any w~. 
The oonduotivit~ :is greater in a gel of higher ooncantra.tion 
for the same reason which holds in the case of solutions. JJ.so, 
the ions cannot be held very securely by the silicate sol, if' 
they are held a..t all. It would seem that all the elements of 
the futlll.'e gel struotu.re are present in the liquid sodium sili- 
cate. Study of very dilute gel mixtures, suggested by D.r. Hurd 
but unwillingly postponed by the, author may give eo ne olues in 
this d il'ection. 
It is' quite clear from the above considerations that the 
conductivity in ge1s is not due to a metallia transfer of eleo- 
trone. It was hoped that some information regarding the di epoa; 
ition of the co~duoting ions could he obtained from t empera ture 
18. 
data, but while it is evident that the ionic mobility in a 
given gel increases with the temperature, the problem was not 
fully ~nvestigated and must he reserved for future experiment- 
at ion, 
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